Background: The implications of early readmission on long-term mortality after tran-
. Population-based studies suggest that TIA patients are especially predisposed to incident stroke and other major cardiovascular events during the immediate postdischarge period (Pendlebury & Rothwell, 2009 ). The initial period of vulnerability may vary up to 90 days to one year after the initial TIA, during which patients are potentially at heightened risk for major adverse events often necessitating hospitalization Kleindorfer et al., 2005; Wu et al., 2007) . Prior studies have largely focused on incident stroke and cardiovascular events and have not examined all-cause events following index TIA. No studies have examined the relationship between early adverse events following an initial TIA and subsequent long-term mortality. For instance, in heart failure and chronic obstructive pulmonary disease (COPD), early postdischarge hospital readmission is associated with increased risk of subsequent mortality (Guerrero et al., 2016; Solomon et al., 2007) with no such data after a TIA. Early estimates suggested that the risk of composite of stroke and cardiovascular disease (CVD) events was 12% to 20% within 90 days after index TIA Johnston et al., 2000; Lovett et al., 2003; Pendlebury & Rothwell, 2009 ). However, a recent report based on a large TIA registry (Amarenco et al., 2016) indicated a decline in the risk of CVD events early after a TIA. Increased prevalence of noncardiovascular comorbidity (Yousufuddin et al., 2017) potentially confers increased risk of subsequent non-CVD events-related hospitalization.
The implications of comorbid CCs on long-term prognosis have not been investigated in patients with TIAs.
To address these knowledge gaps, we undertook a retrospective cohort study, primarily, to assess the relationship between 180-day postdischarge nonfatal hospital readmission from any cause and subsequent long-term mortality after hospitalization for first-ever TIA.
Our secondary objective was to examine the influence of comorbid CCs, identified at the time of diagnosis, on the long-term mortality after an initial TIA.
| METHODS

| Study design and population
This is a retrospective study of patients aged ≥18 years, hospitalized for first-ever TIA at Mayo Clinic, followed up until death or censored on May 30, 2017. The look back period extended to 5 years to ensure accuracy of a first-ever event. The initial cohort of hospitalized patients with TIA was identified using International Classification of Diseases, Ninth Revision, codes.
Previous studies have demonstrated a high positive predictive value of ICD-9-CM codes for the discharge diagnoses of stroke and TIA (Kokotailo & Hill, 2005; Tirschwell & Longstreth, 2002) . Subsequently, three study investigators reviewed electronic health records of individual study patients to collect data related to demographics, clinical features, vital signs, primary and secondary diagnoses, investigations, procedures, repeat hospitalizations, and death. To ensure completeness of readmissions following discharge from index hospitalization, only patients from Olmsted County were enrolled in the study and those from other counties were excluded.
| Definition of transient ischemic attack
We incorporated both time-and tissue-based definitions for the purpose of enrollment of patient in this study. Accordingly, TIA was defined as a brief episode of neurological dysfunction caused by focal brain or retinal ischemia with clinical symptoms lasting <24 hr and without radiological evidence of acute infarction (Easton et al., 2009) .
Patients who had residual or persistent deficit beyond 24 hr or who demonstrated radiological evidence of acute infarction were excluded from the study. Patients with a previous history of stroke or TIA documented in medical records, hypertensive encephalopathy, reversible cerebral vasoconstriction syndrome, diagnostic uncertainty, on dialysis, on a transplant list, organ transplant recipients, or recipients of left ventricular assist device were all excluded as their mortality was less likely to be influenced by index TIA event. We used Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification system to estimate the presumed mechanism of TIA. According to this scheme the five main mutually exclusive categories were as follows: 1) large artery atherosclerosis, 2) cardio-embolism, 3) small vessel occlusion, 4) other determined cause, and 5) undetermined cause (Adams et al., 1993) . Probable TIA territory was classified either anterior or posterior circulations based on predominant symptoms on admission and as reported by previous studies (Dornak et al., 2015; Nouh, Remke, & Ruland, 2014) . Electronic medical record of each patient was critically reviewed to ensure appropriate assignment.
| Measures of chronic conditions
Comorbid CCs were identified at the time of index hospitalization.
A chronic condition is defined as long-term conditions requiring medical attention (Goodman, Posner, Huang, Parekh, & Koh, 2013 ). 
| Measures of outcomes
Readmissions were defined as the occurrence of one or more repeat hospitalizations from any cause within 180 days of discharge from index hospitalization for TIA. Readmissions were stratified according to cause as CVD or non-CVD event. Long-term mortality was defined as death from any cause among survivors to 180 days of discharge from index hospitalization up until May 30, 2017.
| Statistical analysis
Baseline characteristics were reported as mean and standard deviation (SD) for continuous variables and whole numbers and percentages for categorical variables. Study groups were compared for continuous variables using the two-tailed, unpaired, Student's t-test, and categorical variables using Pearson χ 2 test.
Survival analysis was performed using Kaplan-Meier curves with death as the outcome and groups with and without early readmission were compared using the log-rank test. 
| Hospital readmission
All-cause nonfatal repeat hospitalizations within 180 days of discharge occurred in 65 (26%) patients including 37 (57%) from non-CVD conditions and 28 (43%) from CVD conditions (recurrent TIAs 
| Mortality
During 1509 
| Effect of hospital readmission and other factors on mortality
The unadjusted Kaplan-Meier estimate of long-term mortality dem- 
| Sensitivity analysis
Because the majority of hospitalizations within 180 days of discharge were from non-CVD conditions (57%), we performed sensitivity analysis for mortality after excluding patients who were hospitalized for cardiovascular conditions (43%). The overall, cumulative risk of repeat hospitalization for incident stroke was 11% (n = 27) and incident recurrent TIA was 3% (8%) until end of follow-up. These analyses did not alter the results substantially.
| DISCUSSION
To the best of our knowledge, this is the first study to examine the relationship between early nonfatal hospital readmission after index hospitalization with first-ever TIA and subsequent long-term death.
Previously published mortality and incident stroke estimates following TIA were largely centered on ≤90-day follow up time point (Giles T A B L E 1 (Continued) Wu et al., 2007) . Because of anticipated low event rate in our study, we chose 180 days, which still represent an early risk given the natural history of TIAs, as the follow-up time point to estimate early hospital readmissions. We found that approximately one in four patients with an initial TIA were rehospitalized within 180 days of discharge, predominantly from non-CVD events, a finding consistent with published studies in heart failure (Krumholz et al., 1997 ) and other non-TIA conditions (Dharmarajan et al., 2013; Jencks, Williams, & Coleman, 2009 ).
The main finding that emerged from this study was that hospital readmission during the first 180 days of a TIA was associated with a 1.7 fold increase in the risk of subsequent all-cause death, compared with those with no 180-day hospital readmission. The clinical impact of 180-day hospital readmission on long-term mortality was independent of etiology and numerous other candidate predictors. There are no comparable clinical trials, specifically, in TIA, but the data from previous studies in stroke (Bravata, Ho, Meehan, Brass, & Concato, 2007) and several other nonstroke and non-TIA conditions such as heart failure (Solomon et al., 2007) , acute myocardial infarction (Abrahamsson et al., 2009) , and COPD (Guerrero et al., 2016; SolerCataluna et al., 2005) are broadly in concordance with our findings.
Hospital readmission in the course of heart failure, acute myocardial infarction, and COPD potentially represents a sentinel event and confer a high risk for subsequent mortality (Genao et al., 2015; Giamouzis et al., 2011; Kociol et al., 2010) . On the other hand a TIA is generally considered to be a reversible condition with variable, but, relatively low excess mortality (Clark et al., 2003; Grass, 1988; van Wijk et al., 2005) . Nevertheless, TIAs with or without concomitant chronic condition(s), may have the potential to trigger a similar level of acute neurohormonal and autonomic stress that potentially results in hospital readmission from any cause and consequent increased mortality. The patient population in our study were those with a first-ever TIA. On the contrary, studies examining the impact of hospital readmission on subsequent mortality in patients with heart failure and COPD variably incorporated patients with prior hospitalizations for acute decompensation, thereby confounding the inferential analyses (Guerrero et al., 2016; Solomon et al., 2007) . Contradicting our finding in TIAs, a recent report by Krumholz et al., in patients with acute myocardial infarction and pneumonia, suggested that hospital readmission and mortality represent two distinct measures with differential information and showed no association between hospital readmission and mortality . The differences may be attributable to patient characteristics, study design and length of follow-up.
It was not surprising that we identified a number of other variables as independent predictors of long-term mortality across a broad spectrum of TIA patients regardless of presumed mechanisms of TIA, vascular territory affected, length of hospital stay, or therapeutic strategies on dismissal. These findings were valid even accounting for sex, smoking status, body mass index, systolic blood pressure, diastolic blood pressure, pulse pressure, HDL cholesterol, and LDL cholesterol.
We found that the age, as anticipated, was a strong predictor of mortality in patients aged ≥65 years and were at a 5.9-fold greater risk of death than those aged <65 years after a first-ever TIA, in concordance with a previously published study (van Wijk et al., 2005) . The prevalence of heart failure, dementia, stroke, chronic kidney disease, and anemia are common among patients with stroke and confer increased mortality (Barba et al., 2002; Desmond, Moroney, Sano, & Stern, 2002; Divani, Vazquez, Asadollahi, Qureshi, & Pullicino, 2009; Lee et al., 2017; Sharma, Fletcher, Vassallo, & Ross, 2000; Strachan, 1991; Wannamethee, Shaper, & Ebrahim, 1995 , 2017) . In this study, we extended these prior findings to predict the long-term mortality in patients with a first-ever TIA and demonstrated that comorbid heart failure (2.8-fold), dementia (5.5-fold), COPD (2.3-fold), anemia with hemoglobin level <10 g/dl (1.6-fold), CKD with creatinine ≥1.4 mg/dl (1.9) were all independent predictors of increased risk of long-term death after index hospitalization for a TIA. These finding have important clinical implication for targeting long-term mortality after an initial TIA. We failed to find a discernible relationship between mortality after an initial TIA and other select characteristics including vascular territory of the TIA, etiological subtype, current tobacco smoking, systolic blood pressure, levels of HDL-and LDL-cholesterol on admission, inconsistent with previous data linking such relationship (Amarenco et al., 2016; Flossmann & Rothwell, 2003; Heart Protection Study Collaborative G, 2002; Howard, Toole, Frye-Pierson, & Hinshelwood, 1987; Johnston et al., 2007; Lovett, Coull, & Rothwell, 2004) , potentially explained by differences in patient characteristics and study design.
We acknowledge several limitations and strengths in this study.
The study population is biased toward specialized stroke services and may not represent TIA patients in the community presenting to general medical clinics and emergency departments. Although, sample size is relatively small, follow-up is sufficiently long and the number of events provided adequate precision allowing us to derive reasonable conclusions. The strengths of this study include well characterized patient population with regards to primary and secondary diagnoses, relatively complete follow-up evidenced by review of data from electronic medical records on or shortly before censor May 30, 2017. Furthermore, patients were reliably classified into etiological subgroups based on imaging studies and medical records documentation. The electronic medical record system is one of the oldest in the country and with documented efficiency and a high level of case ascertainment for incident TIA and prompt mortality updates (Whisnant et al., 1990 ).
In summary, we found that early hospitalizations following initial TIA were common and were associated with increased risk of subsequent longer-term mortality. Additionally, age and selected comorbid chronic conditions including heart failure, COPD, dementia, anemia, and CKD were all independent predictors of increased risk of subsequent death after initial TIA. These findings underscore the importance of all-cause early postdischarge readmissions and suggest the need for developing therapeutic strategies beyond preventing stroke and other CVD events to improve overall long-term mortality after initial TIA. Knowledge of these prognostic variables can help healthcare providers tailor post-discharge care and identify comorbidities to be addressed in the outpatient setting. It can also empower patients with appropriate prognostic information for healthcare needs.
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